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For many years standards of medical care for newborns have been created and perfected with the goal of improving such care, including early detection of congenital defects. Currently, according to the newest guidelines of care, each newborn is to be assessed along a schedule of screening tests carried out in the neonatology department. Screening tests are a form of prophylaxis, allowing for early diagnosis of congenital diseases before they become symptomatic. Currently, the number of prophylactic screening tests in Poland stands at 27 in addition to auditory assessment and pulse oximetry. 1 The social and economic benefits of screening tests are unquestionable. Between the year 2009 and 2013 in Poland, according to data presented by the Ministry of Health, on the basis of screening tests, 1,394 congenital diseases were diagnosed. 1 The frequency of congenital heart defects (CHDs) in the population is around 0.8-1%, of which 25% can be considered critical defects requiring urgent surgical or hemodynamic intervention. 2, 3 Newborns with serious complex heart defects may at first present atypically, without any obvious symptoms of cardiac insufficiency. Typically, the stay for neonates in the neonatology department is short and as a result newborns with undiagnosed cardiac defects are at high risk of death after discharge from the hospital. 4 The advances in ultrasonography, including fetal echocardiography, have resulted in increased early detection of many fetal defects and the referral of pregnant women to deliver in the 3 rd highest level of perinatal care units, assuring optimal medical care for such newborns. 5 It is assumed that newborns delivered in basic level perinatal care units lack prenatal diagnoses indicating potential complications. From the source data it can be concluded that, despite intense improvements and advances in ultrasonography techniques, many heart defects are still not diagnosed until after delivery. 6, 7 Pulse oximetry in neonatal units, which currently is regarded as a valuable tool in the early diagnosis of CHD, has been recommended and implemented for several years. 8 According to Thangaratinam et al., the sensitivity of the test is estimated at 76.5% with a specificity of 99.9%. 9 The percentage of false positive results is only 0.14%.
Objectives
The objective of the study was an assessment of the circulatory system in newborns born at basic level of regional perinatal care centers through physical as well as echocardiographic testing, and determination of the number and types of heart defects as well as other circulatory system abnormalities detected in the population studied.
Additionally, another goal of the study was to compare specific parameters of cardiac function and structure taking into account the method of birth, body mass of the newborn, sex, Apgar score, pulse oximetry results, and presence of other pathologies associated with the neonatal phase, such as congenital infection, heart murmur or neonatal jaundice.
Material and methods
The study was carried out on 255 newborns aged 3-14 days, born in a basic level of perinatal care unit during a 12-month period in 2014-2015. Children born in a regional hospital in Środa Śląska were assessed in the neonatology department according to Apgar score at 1 min, 3 min, 5 min, and 10 min of life. The newborns were weighed and pulse oximetry testing was carried out 2-24 h after birth as well as on the day of discharge. When symptoms of neonatal jaundice presented, levels of bilirubin were monitored and with symptoms of infection, the appropriate therapeutic treatment was administered.
The examination assessing the circulatory system was carried out in an ambulatory setting in the cardiology clinic 3-14 days after birth. Each child was subjected to a physical examination which assessed the heart tones, rhythm and rate of the heart as well as the peripheral pulse. Each subject also received an echocardiographic examination which assessed the specific parameters of heart function and structure as well as the morphology of the heart and the presence of structures from prenatal life -patent foramen ovale (PFO) and patent ductus arteriosus (PDA). In the M-Mode, measurements of the right ventricle in diastole (RVED) as well as the left ventricle in diastole (LVED) and systole (LVES) were carried out. The shortening fraction (FS) and ejection fraction for the left ventricle (LVEF) were measured, and the contractile function of the right ventricle (RV) was assessed through tricuspid annular plane systolic excursion (TAPSE); the velocity of flow on the aortic (AoV) and pulmonary valve (PV) as well as flow acceleration time (pulmAT -pulmonary acceleration time) were measured to assess the characteristics of diastolic flow on the mitral valve (MVE -mitral valve velocity flow in early diastole and MVA -mitral valve velocity flow in late diastole).
The statistical analysis was carried out utilizing quantity as well as quality parameters of statistical description. In our work, we used quantitative variables such as mean and standard deviation (SD) and quality variables such as populations of chosen subgroups and percentages showing prevalence of specific characters in subgroups. Correlations between cardiological parameters and quantitative parameters were specified using Spearman's correlation coefficient, while quality parameters were examined with Wilcoxon's test or Fisher's exact test.
Results

Characteristics of the population studied
Briefly, 47.4% of children studied were male while 52.6% were female. Those born naturally comprised 51.4% while those born through caesarean section were 48.6% of the population. The birth weight varied from 2,110 g to 6,000 g with the average being 3,578 g. Broken down by sex, the average mass of females was 3,678 g while for males it was 3,482 g. The registered Apgar scores after 1 min and 5 min showed a great deal of uniformity. Average Apgar score after 1 min was 9 (min. 2 points, max. 10 points). Assessed at 5 min, the Apgar score for nearly all newborns was 10.
Pulse oximetry was carried out twice, with a score of equal to or below 95% considered abnormal. Only in 4 (1.6%) of children was an abnormal result recorded. Neonatal jaundice (above 12 mg%), requiring phototherapy, was detected in 40 (15.7%) patients examined. Congenital infection was diagnosed and treated in 10% of newborns examined (in 25 patients). Various heart murmurs were auscultated in 15% of children (38 newborns). In 1 case, arrhythmia was detected and diagnosed as supraventricular extrasystoles. This data is presented in Table 1 .
Results of cardiological testing
Among the group studied, there were 3.5% (9 patients) with defects of the circulatory system diagnosed, such as intra-atrial septal defect (ASD) in 1 newborn (<1%), intraventricular septal defect (VSD) in 4 patients (1.6%), patent ductus arteriosus (PDA) in 3 newborns (1.1%), and complex defect consisting of coarctation of the aorta with bicuspid aortic valve and mitral valve insufficiency in 1 patient (<1%).
In 38 newborns with loud systolic murmur detected over the heart, only 5 were diagnosed with heart defects -VSD and complex defect consisting of coarctation of the aorta with bicuspid aortic valve and mitral valve insufficiency. The complex heart defect was hemodynamically significant and the child was referred for cardiosurgical intervention.
Moreover, among the group studied, mild hypokinesis of the heart muscle was found in 2 newborns (<1%), tricuspid valve insufficiency in 8 newborns (3.1%), decreased acceleration time of pulmonary flow in 7 newborns (2.7%), mild hypertrophy of the intraventricular septum in 3 newborns (1.1%), and single supraventricular arrhythmia in 1 newborn (<1%). Patent foramen ovale was found in 140 newborns (55.0%) of which in 50% of the PFO cases the PFO was 4.0 mm and in 25% of cases the PFO was larger than 5 mm. In 14 additional newborns, other small irregularities of the cardiovascular system were detected and assessed as transient in nature.
The assessment of the selected echocardiographic parameters is presented in Table 2 .
In the group studied, the correlation between the measured echocardiographic parameters and body mass, sex, Apgar score, and delivery method and coexistence of neonatal jaundice was analyzed. Infants born naturally and those born through caesarean section presented no difference in measured echocardiographic parameters.
The correlation between Apgar scores at 1 min and 5 min and dimensions of RV and LV were likewise irrelevant; similarly, functional parameters of the circulatory system did not show relevant correlation with Apgar score in newborns. It may be that this is due to the uniformity of the group assessed (overwhelmingly assessed at 8-10 points). A relevant weak negative correlation was observed between pulmonary acceleration time and Apgar score after the 1 st min of life (lower level of pulmonary acceleration results in an insignificantly lower Apgar score) while after 5 min of life this correlation disappears, which may be linked to therapeutic efforts (i.e., oxygen therapy) in patients with lower Apgar scores.
Statistical analysis of the size of cavities of RV and LV in dependence on the overall mass of the newborn and sex expressed a weak relevant correlation between the mass of the infant and the dimensions of LV; newborns with a greater body mass had larger dimensions of LV. Little correlation was found between the body mass and the dimensions of RV. The sex of the child has no influence on the size of the LV or RV. A relevant correlation was found between body mass and TAPSE in that its increased value was linked with higher body mass. No effect of neonatal jaundice or the use of phototherapy to treat it was found on the parameters studied on echocardiographic assessment of heart size and function.
The characteristics of mitral influx in the first 2 weeks of life was the same as during fetal life. Mitral valve velocity flow in early diastole was lower than mitral valve velocity flow in late diastole (MVE < A). In almost half of the subjects examined but also in a large portion of cases in which mitral valve velocity flow in early diastole was the same as mitral valve velocity flow in late diastole (MVE = A) or was higher (MVE > A). No correlation was found between the presence of PFO and Apgar score assessed after 1 min of life. Additionally, the presence of PFO and incidence of neonatal jaundice and body mass showed no relevant correlation. Due to the small sample size of neonates with congenital infections, correlation with the functional parameters assessed was not analyzed.
Discussion
The literature puts an emphasis on the relevance of screening tests in newborns, which help to diagnose diseases which do not present symptomatically directly after birth or whose symptoms are masked. Recently, the test used to screen for CHDs has been pulse oximetry. From the available data gathered through the POLKARD program in the years 2006-2008, assessing the usefulness of pulse oximetry in the diagnosis of CHD in newborns, we can conclude that the sensitivity of this method is 78% while specificity is 99.9% and negative predictive value is almost 100%. 10 These findings are very similar to the data published by Thangaratinam et al. in 2012 which estimated the sensitivity of the test at 76.5% and specificity at 99.9% with the fraction of false positive results being only 0.14%. 9 In 1.6% of patients (4 patients), pulse oximetry testing gave false positive results because irregularities in the circulatory system were not confirmed upon further testing. In the population studied, 1 case of hemodynamically relevant CHD was diagnosed, consisting of a coarctation of the aorta with a bicuspid aortic valve necessitating surgical intervention while the test gave a normal result in the child. Pulse oximetry may not reveal coarctation of the aorta unless the defect is of critical intensity, as in the mentioned case. 11 In the group of newborns examined, 7 cases (2.7%) of simple heart defects were diagnosed with correct pulse oximetry results: 4 cases of muscular ventricle septal defect (mVSD) and 3 cases of patent ductus arteriosus (PDA) which did not require further intervention and in most cases resolved spontaneously. Two children (0.7%) had defects which required surgical intervention despite proper pulse oximetry test results.
In the group analyzed, the most common finding was patent foramen ovale (PFO); such defect with a diameter of less than 4 mm was found in 54.9% of newborns (140 patients), while in only 5% of patients the size of the PFO was above 5 mm in diameter and in 1 newborn -of 8 mm.
Fukazawa et al. in their study of the spontaneous closure of defects in the intra-atrial septum, qualified PFO with a diameter greater than 5-6 mm as an atrial septal defect type II (ASD II). 12 Newborns with a borderline-sized PFO (5 mm) were not qualified as having a congenital heart defect (CHD). Diagnosis of ASD II in newborns seems to be controversial due to the fact that this is a physiological structure in the first days of newborn life. 13 From cardiological observation we know that PFO and the method of its closure varies from patient to patient and may occur gradually or quickly through the PFO valve closure.
Intraventricular septal defect is the most common CHD diagnosed in children and, according to many authors, it makes up from 5% to even 20% of all CHDs. 14 In the analyzed group, 4 incidents of VSD with typical, auscultatable murmurs over the heart with a 3/6 in the Levine scale and proper pulse oximetry test results. Muscular type VSD is a mild form of this heart defect which in most cases does not require intervention, may close spontaneously as the child grows and generally does not produce significant hemodynamic dysfunction. 15 According to various source data, PDA is recognized as a CHD if its patency is maintained beyond the 4 th day of life or, more commonly, beyond the 7 th day of life. 13, 15, 16 In this study, PDA was diagnosed in only 1.1% (3) of patients and in all of those the duct closed spontaneously. Other functional dysfunctions visible in echocardiographic assessment such as shortened pulmonary flow time, mild tricuspid valve insufficiency and decreased contractility of the cardiac muscle were all transient in nature and may be attributed to the acclimation of newborns to postnatal life. In the available literature, the data concerning echocardiographic norms of selected structures of the heart and functional parameters come from the 1980s. 17 Currently, analysis of echocardiographic parameters is carried out based on foreign literature [17] [18] [19] [20] [21] [22] [23] as well as, more often, calculation of the Z-score. 20, 24, 25 On the basis of the group studied, we can create norms of selected parameters of the structure and function of the circulatory system in healthy delivered newborns, which may be useful for physicians conducting heart echocardiography in clinics with limited access to cardiological consult.
Conclusions
Pulse oximetry testing, due to its low level of invasiveness, high sensitivity and specificity, low cost, and repeatability, should be used as the primary screening test allowing for early detection of critical CHDs. It should be stressed that the test should be repeated before discharge of newborns from the neonatology department so as to avoid missing CHDs which are asymptomatic or mute at birth.
Morphological and functional assessment of specific structures of the heart in delivered newborns born in basic level perinatal care centers showed correlation of the size of LV with body mass. The remaining factors, such as method of delivery, sex, neonatal jaundice, and audible murmur, were irrelevant.
Routine cardiological assessment of healthy newborns is not necessary. Cardiological testing as a screening method for newborns should not be recommended.
